Abstract. This paper deals with finite element vibration analysis of buildings. Each component of building is discretized by its appropriated finite element, that is, bar and beam element for the frame sub-structure, plate finite element for the slabs. By applying compatibility and equilibrium conditions, all sub-structural interactions are incorporated into the system in order to produce a more refined structural analysis of buildings. Other issues for building vibration such as shear deformation, rotatory inertia, and plate-beam eccentricity are investigated as well. Numerical examples are presented and compared with results from commercial numerical packages widespread.
INTRODUCTION
The Finite Element Method (FEM) is a numerical technique based on continuum discretization so that the body is divided into finite number of small parts named elements and by expressing the unknown variable fields in terms of assumed approximating functions within each element. These functions are expressed in terms of discrete points named nodes. Clough & Wilson [1] give interesting historical details about first steps to establish of FEM solutions. For example, in 1960 the designation of finite element method was coined by Ray Willian Clough when a static analysis of stress plane problem [2] was modeled using that new born technique. Since then FEM solutions have been received many other contribution and applied to a variety engineering problems. This is the case for vibration analysis of frame and plate [3] - [6] . Additional details on vibration FEM solutions including more complex structures such as shells can be found elsewhere, for example [3] - [9] .
A specific topic in building structural analysis has been studied by many researchers is associated with eccentric relative position beam-plate at each floor. One of many strategies has established to deal with eccentricity problem is the rigid offset approach. Harik et al. [14] presented an analytical solution, Mukhopadhya [15] proposed a finite difference solution, Harik et al. [14] , Araújo [16] , Sapountzakis et al. [17] , Deb et al. [18] - [19] , gave finite element solutions, Tanaka et al. built boundary element solutions.
In this paper the influence of effects such as shear deformation, rotatory inertia, and platebeam eccentricity into building vibration responses are analyzed by house-made program called EDF and commercial packaged Ansys.
ASSEMBLY OF MASS AND STIFFNESS MATRICES
In this section the strategy of assembling of each elemental mass and stiffness matrices into global matrices of the building is briefly discussed. The building analysis can be split into major problems, namely space frame and plates (in bending and/or in tension), and their interaction effects, see Figure  1 . Figure 1 . Building structural components.
In a space frame problem, the efforts in each member can be simultaneously mobilized due to axial, bending, and torsional actions. Both mass and stiffness matrices of a 3D frame member are wellknown and they can be found in many works, such as Queiroz [9] and Lucena [10] . If only an isolated space frame is considered, the assembly of the global matrices can be done as shown in appendix - Figure 14 (a). In this paper for the stretching and bending plate vibration problems were implemented respectively two elements namely CST (Constant Stress Triangle) and DST (Discrete Shear Triangle). Mathematical details for both elements can be found elsewhere, for example Petyt [12] , Batoz and Lardeur [13] , Lucena [10] . A relevant topic is the study of influence of beam-plate eccentricity of each floor to the global response of the building, see Figure 2 . 
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When a beam and a plate have no eccentricity implies nodal points of beam element coincide with some nodes of plate element, see Figure 2 (a). In this case, no additional step is required and both beam and plate elemental contributions can be directly and independently assembled in global matrices of the structure. On other hand when beam-plate eccentricity exists (very usual situation in buildings, see Figure 2 (b) it is necessary to reposition the degrees of freedom of the beam (usually located on its centroidal axis) onto a plane of the plate (usually median plane, see Figure 3 ) or vice-versa. Due to change of nodal location of beam, the energy conservation of system requires mass and stiffness matrices of the beam are transformed too. 
The final transformed matrices of the beam with respect to plate median plane system are:
In addition, the assembly of the transformed matrices given in Eq(2) and Eq(3) can be done as shown in appendix - Figure 14 (b). For the building problem, an assembling strategy is to create three subsets of typical nodes. The first is associated with (stretching/bending) plate nodes that do not receive any contribution from space frame nodes, called "Plate nodes". The second subset is called "Mixed nodes" and it receives both plate and space frame contributions". The third subset called "Frame nodes" is formed by off-plate nodes. The subset dimensions are respectively given by 
NUMERICAL RESULTS
All mathematical details of the finite element solution described in this paper were encoded in the program called EDF.FOR, see Lucena [11] . In order to check EDF.FOR performance, vibration analysis of two structures (space frame and four-storey building) is presented. The results of this house-made program are compared to commercial package ANSYS outputs.
Space Frame
This example was originally proposed by Petyt [12] , see Table 1 .
Figura 5. Space frame and its discretization. 244.01
For sake of a better visualization, the results of Table 1 are plotted, see Figure 6 . Figure 6 . Space frame results.
1 No rotatory inertia 2 Rotatory inertia
Four-storey building
In this example vibration analysis for variety slender ratios of structural components of a fourstorey building is done, see Figure 7 . In addition the influence of plate-beam eccentricity, shear deformation and rotatory inertia effects in building vibration behavior is also considered. For all components, the following values for mechanical properties are set: Young modulus, For sake a better visualization, the results of non-eccentric plate-beam case shown in Table 2 and Table 4 are plotted together in Figure 8 . The eccentric plate-beam results in Table 3 and Table 5 are plotted in Figure 9 . Figure 9 . Beam ridigity influence on eccentric case
If the results of the thinner beams (h=50) in Figure 8 and in Figure 9 are taken as reference values, the first ten natural frequencies for thicker beams (h=80) decreased respectively between 5.4%and 10.4% for non-eccentric problem and 7.5% and 10.5% for eccentric case. On the other hand when range between 15th and 45th modes is checked, it can be seen that natural frequencies of the thicker beam problem are increased between 11.4% and 34.4% for the non-eccentric case and 9.6% to 36,9% for the eccentric problem. These major discrepancies are certainly due to more severe bending mode activation for thicker beams. A typical case is observed about 20th mode where mode configurations for both cases (h=50 and h=80) are shown in Figure 10 . The second part of the building vibration analysis is concerned on plate slender ratio influence in building responses. Hence some assumption is done: beam-plate problem is always eccentric, all beams have the same cross-section cm x ) 80 20 ( , and all columns cross-section is square with dimension 20cm.
The influence of plate thickness variation in the building vibration behavior is initially done and shear deformation effects are not included (classical plate model). Analyses for three thicknesses of the plate 10, 20 and 30 cm are independently done. By selecting DKT element, EDF and Ansys results are shown in Table 5 , Table 6 and Table 7 . For sake a better visualization the outputs are plotted together in Figure 11 . Figure 11 . Plate ridigity influence for eccentric case.
By assuming thinner plate results as reference values, it can be seen there is a decreasing of natural frequencies until 10th mode (15.7% for h=20 and 25.8% h= 30 cm). For higher modes (until 40th) the thicker plates increase natural frequencies. A complementary study of the earlier problem in order to check shear deformation effect in all building components is done as well. The vibration analysis is modeled by EDF (using both DST plate and Timoshenko beam elements) only and the results are shown in Table 8 and Figure 12 . crosssection columns in Table 9 are shown only. In Figure 13 both column cross-sections analyses are plotted. Figure 13 . Column rigidity influence on eccentric case
The results show lower modes are strongly affected when the column cross-section dimensions are changed.
CONCLUSIONS
The numerical results in the paper suggest results from EDF house-made program are in a good accordance with those run with commercial package Ansys. The changes in four-storey building vibration responses are analyzed, when slender ratios of each group of structural components are independently changed. The most severe changes for lower natural frequencies of the building is due to column cross-section variation. Shear deformation effects produce slight changes to lower natural frequencies of the building when compared to classical models. Figure 14 . Formation of the matrices of the structure: (a)stiffness matrix of ith member in the global matrix framed structure, (b)condensed form of the plate structure matrices, (c)expression for assembly of stiffened plate structure.
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